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IN THIS ISSUE... 


...we have two articles, written independently, 
on closely related topics; each a critique or expan- 
sion of the ideas which appeared in A Journey to 
the West, by Esseh N. Namreh (Amygdala #5, July, 
1987). In that article, Namreh discussed two among 
the infinity of Mandelbrot set “midgets” which 
occur along the spike (and may in fact constitute 
it): the Biggest Midget and the John Dewey Jones 
Midget. 


In their article, The Uttermost West Revisited, 
A.G. Davis Philip and Adam Robucci give some 
results of an intensive investigation of midgets, and 
exhibit the result of an incredibly deep penetration 
into the Mandelbrot set: their “Cycle 250” midget, 


with a magnification of 9.05x107”. 


In A “Journey to the West” Revisited, Kerry 
Mitchell takes Namreh to task for supposedly sup- 
posing that the singularity at -2.0 consists of noth- 
ing but “endless Yin/Yang loops spinning 
endlessly inward and eastward”, whereas in fact 
there are an infinite number of midgets near it. 
Mitchell discusses these midgets, their location, 
size, and “reach”: how close the contour line asso- 
ciated with the midget comes to the real axis. 


The first three slides in the supplement to this 
issue have been chosen to edify rather than to 
please: they show in color the incredibly tiny 
midgets of Cycle 85, 200, and 250 discussed in the 
Philip/Robucci article. 
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THE SLIDES (S23) 


4000 was produced by Dave Platt, who says of it: 
This image, “Ken’s N-spiral”, is centered at 
~0.7623,8220,3158 + 0.0955,6345,50614 x 1.66x10°°. 
It is one of the many spirals that Ken Philip has 
been exploring during the last few months. 
Pixelation = 1500 x 1000; calculated using the 
distance-estimator algorithm in MandelZot 2.0. 
Colored using a palette of bright pastels, saved 
as a PICT file, and transcribed to film on an 
Agfa Matrix slidemaker by the good folks at 
PhotoTime in Palo Alto. 


819, 820, and 821 appear in greyscale as 
illustrations in The Uttermost West: Revisited by 
A.G. Davis Philip and Adam Robucci, in this 
issue. They are the high-magnification midgets 
of Cycle 250, 200, and 85, respectively. Please 
don’t be put off by the ultra-low resolution! 
Considering that #819 has magnification 


9.05x10°” , it’s a miracle that the authors were 
able to compute it at all! 
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THE UTTERMOST WEST: REVISITED 


A. G. Davis Philip and Adam Robucci, Union Col- 
lege 


1. INTRODUCTION 


In Amygdala 5, p. 2, an article, by Namreh, enti- 
tled “A Journey to the West”, displayed pictures of 
the end of the spike of the Mandelbrot Set, in an 
area called the “Uttermost West” at a maximum 
magnification of 70,000. One of the pictures 
showed the John Dewey Jones midget at a real 
value = -1.99638, also at a magnification of 70,000. 
A comparison of the end of the Mandelbrot Set 
Spike at a magnification of 4,400 with that at 
70,000 showed that the pattern of the loops was 
the same in each picture. At each of the intersec- 
tions of a loop with the spike axis, if the picture is 
magnified sufficiently, a midget (a small, but not 
exact, replica of the Mandelbrot Set) can be found. 

Figure 1 shows a picture of the spike, and a 
number of midgets can be seen, even at this low 
magnification. The escape radius was set to 10, so 
the dwell bands do not show up. Two of the midg- 
ets are labeled with their cycle number (Cycle 3 at 
R = -1.755 and Cycle 4 at R =-1.99638. In Figure 2, 
three different enlargements of the end of the 
spike are shown, this time with the escape radius 
set to 2 so the dwell band structure shows up. In 
Figure 2a the magnification is 3.9, in 2b it is 13.3 


Cycle 4 
-1.9408 


and in 2b it is 155. The dwell bands are numbered 
by one digit numbers. Points in dwell band 1 
escape the set after 1 iteration, in dwell band 2 
after two iterations and so on. Cycle 4 to Cycle 7 
midgets are located at the points indicated by C4 - 
C7. The curve of dwell band 4 points to the Cycle 
4 midget, and so on. The John Dewey Jones 
midget is the cycle 6 midget at R = - 1.99638. For 
each dwell band there is a midget which is the 
westernmost midget with that cycle number. It has 
been found that if the magnification window is 
placed on one of the midgets in this series and the 
magnification increased, a midget will eventually 
appear on the left side of the window which will 
be the largest midget in the window. This midget is 
the next one in the series. In Amygdala 18, p. 2 
there is an article concerning dwell bands by Ken 
Philip (KWP) giving additional details concerning 
the dwell bands. 


Benoit Mandelbrot came to Union College in 
1988 to deliver the “Steinmetz Lecture” and AGDP 
asked him then what was the highest magnification 
which he knew of that had been used for a picture 
of a portion of the Mandelbrot Set. He said that he 
knew of one group that had produced a picture 
with a magnification equal to Avogadro’s number 


(6.0249x10”). This remark interested AGDP and 
KWP, and a search for high-magnification midgets 
was started. K. W. Philip used the high precision 


Figure 1. An enlarged view of the spike on the Mandelbrot Set. The real values shown are 
between -2.076 and -1.22267. Two of the major midgets (Cycles 3 and 4) are indicated. 
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Figure 2. The end of the spike. In 2a the magnifi- 
cation is 3. In 2b it is 13, and in 2c it is 155. The 
dwell bands are indicated by the numbers 2 - 7 

placed in the loops. Midgets of different cycle 
numbers are indicated by C3 - C7. 


routines in True Basic to write a Mandelbrot pro- 
gram for his Macintosh computer which converted 
numbers to strings. He produced a series of high- 
magnification midgets, ending up with the cycle 28 


midget at a magnification of 2x10°'. This midget 
was noted in one of Dewdney’s (1989) Computer 
Recreations articles in Scientific American. There is 
an interesting astronomical analog for this midget. 
If one imagines that the Mandelbrot Set is the size 
of the Milky Way Galaxy (assuming a radius of 100 
Kiloparsecs), then the cycle 28 midget represents 
one hydrogen atom. The Cycle 28 midget is shown 
in Fig 3a (computed on the Union College VAX). 


2. THE HIGH MAGNIFICATION MIDGET 
PROJECT 


Mike Frame, a mathematics professor at Union 
College, teaches a course in fractals each year and 
some of the students elect to do a term project 
involving the study of some aspects of the Mandel- 
brot Set. Last year AR was interested in the project 
of finding midgets at very high magnification at the 
very end of the spike. There are two problems that 
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had to be solved. One was to write mathematical 
routines that would handle numbers of any preci- 
sion desired. (For example we are now working 
with numbers having more than 350 digits.) The 
second was to locate the position of midgets with 
very high cycle numbers. 


The high precision Mandelbrot generation pro- 
grams are written in ANSI C. They use extended 
precision arithmetic routines that manipulate num- 
bers as strings, thus giving us unlimited precision. 


The program iterates the function KZ) = Z FC 


until |j >2 or a predefined number of iterations 
has been exceeded. The number of iterations for 
each point in the plane is then saved in an ASCII 
file for decoding by SMOOTH.EXE, the viewing 
program. Since the micro-midgets we are searching 
for are on the real axis, the program only generates 
the positive imaginary part of the midgets (the top 
half of the image), and the viewing program 
reflects the points about the real axis to produce 
the final image. Thus, in our small 100x76 pixel 
images we need only calculate 100x39 pixels. 
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Figure 3. 3a shows the Cycle 28 (KWP) midget. 3b shows the Cycle 175 midget, 3c the 
Cycle 200 midget, and 3d the Cycle 250 midget. The positions and magnifications are 
given in Table 1. The resolution in 3a is 400 x 300, and in 3b - 3d it is 100 x 76 pixels. 


Locating the specific midget with a given cycle 
number is done with the Cycle Finder program, 
written in TURBO C. It also uses the extended pre- 
cision math routines. The cycle finder works on 
the principle that a stable MN=<ycle in the Mandel- 


brot set can be located as a root of a 2”th degree 
equation. The Cycle Finder finds the most negative 
real root of the equation using the Secant Method. 
The program is supplied with two initial guesses of 
where the root is located, the cycle number of the 
midget we are trying to find, and a small quantity, 
€, representing the accuracy of the final approxi- 
mation. The program then iterates the function 
KZ) N times where N is the value of the cycle 
number. By iterating the function N times it is in 


fact evaluating a function of degree 2”. The pro- 
gram keeps iterating the function and refining the 
estimated root until the difference between the 
new guess and the old guess is less then €. The 
final value output by the program is an approxima- 
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tion of a root of the equation and corresponds to a 
stable N-cycle in the Mandelbrot Set. 


A second program, named “SMOOTH” plots the 
data files on the screen. It was written in TURBO 
C++, Version 1. The micro-midgets program writes 
a file consisting of the iteration value for each 
point it calculates in the image. These iteration val- 
ues are used as the color parameter in the display 
routine. SMOOTH is supplied with an integer N, to 
be used as the “smooth value”. What this does is 
group dwell bands together in groups of N and 
assigns them the same color, thus making features 
easier to identify. Color is assigned to each pixel 
erai, 


based on the following: Color = ink x 


In Word Perfect there is a program called 
“GRAB” which allows one to capture graphic 
images on the screen and move them to the Word- 
Perfect area. The color slides were produced by 
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photographing the display screen, where the small 
(1 1/4" x 1 3/4") image is brought up as a full- 
screen image in WordPerfect. To print the black 
and white images the program Pizzaz Plus (Appli- 
cation Techniques) was used since it permits con- 
trol of the greyscale in each of the images. 


We started with the Cycle 28 (KWP) midget, as a 
calibration point. Soon we were up to the Cycle 35 


midget, which has a magnification of 2x10”. An 
astronomical analog can be constructed for this 
midget also. If the Mandelbrot Set is imagined to 
be the size of the observable universe, (assuming a 


radius of 3.2x10” cm) then the Cycle 35 midget, 
on this scale, represents a single proton. By March 
of 1990 we reached the Cycle 42 midget at 


32x108. By June the calculations were taking 
about a week per one 100 x 76 pixel image. We 
did the Cycle 175 midget which has a magnifica- 


tion of 4.44x10°". Pictures of the Cycle 42 and 
175 midgets were published in Philip 1990, and the 
Cycle 175 midget is shown here in Figure 3b. A 
picture of the Cycle 200 midget will be found in 
Frame et al. (1991) and is shown here in Figure 3c. 
The smallest midget done to date is the Cycle 250 
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midget, with a magnification of 9.05x10°%. The 


coordinates, magnification and dwell for each of 
the midgets pictured in this article are shown in 
Table 1. Color slides of three of the midgets (Cycle 
85, Cycle 200 and Cycle 250) are included with the 
slide supplement for this issue. 


If one scans the midget pictures the midget at 
the center is always similar to the others. The dif- 
ferences here are due to the low resolution of the 
100 x 76 pixel pictures. If a coarse grid is placed 
on top of the image of a midget and the grid 
squares colored black and white, the resulting pic- 
ture will have a slightly different set of black pixels 
on areas just outside the edge of the midget. Figure 
4 shows the Cycle 85 midget at a higher resolution 
(400 x 300 pixels) and here one can see a much 
finer midget because of the finer grid. The radicals 
on the body can be seen clearly to at least radical 
6. On the low resolution 100 x 76 pixel pictures, 
only Radical 3 can be identified. 


The Cycle 28 picture shows an outer ring of 64 
lobes. Inside this ring are other rings (of 128, 256 
etc. lobes) but at this resolution the details of the 
rings can not be resolved. As one scan the pictures 
showing the higher magnification midgets the main 
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Figure 4. The Cycle 85 midget at a resolution of 400 x 300 pixels. 
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feature that changes is the density of the packing 
of the rings. By Cycle 250 the rings are so closely 
packed that it is hard even to resolve the rings. 


There is a book in preparation (entitled Mm, by 
Philip, Robucci, Frame and Philip) which shows all 
the midgets from Cycle 3 to Cycle 85, then to Cycle 
125 by fives, followed by Cycles 150, 175, 200, 225 
and 250. Positions, dwells and magnifications are 
given for each midget. Most of the midgets were 
calculated on IBM PCs, but some were computed 
on the Union College VAX. The Cycle 250 midget 
was calculated on a Zenith PC and one of the 
Union College’s Dec System 5000s (Decoy). In the 
book details of the high precision routines are 


Mag = 9.05 x 10298 


Cycle 250 


given, plus some interesting mathematical relations 
between midgets on the spike. In the Appendix 
there is a table of midget positions up to Cycle 350 
— the complete file will soon be available on a 
floppy disk. 


Some interesting relationships were found and 
these have been presented in a paper to be pub- 
lished in Computers and Graphics (Frame et al. 
1991). If the ratio of distances, is taken, between 
head N and head N+1, with head N+1 and head 
N+2, defined as: 


Max Dwell = 10,000 


-1.99999999999999999999999999999999999999999999999999999999999999999 
999999999999999999999999999999999999999999999999999999999999999999999999 
999999999999547734799326345714612849868772624150857945 748314942293641602 
0392474504987 36039839970632632438592848265993465823922757562994579389408 


9888138080140518933597420705806 


Cycle 200 


Mag = 5.63 x 1078 Max Dwell = 10,000 


-1.99999999999999999999999999999999999999999999999999999999999999999 
999999999999999999999999999999999999999999999999999999426685746903701524 
868873414969921982795393910464951564378620882667385903299117419504340886 
237075855598460105829200658465344388138181393730976369034307923437239154 


65053321 


Cycle 175 Mag = 4.44 x 10788 


Max Dwell = 10,000 


-1.99999999999999999999999999999999999999999999999999999999999999999 
999999999999999999999999999999999999999354505535847328988700905833931643 
745672283161856447381040061547187817860426924771884415486898706134457685 


23494248535314832534265151182 


Cycle 85 


Mag = 1.89 x 10! Max Dwell = 2000 


=1:99999999999999999999999999999999999999999999999999010782612032413 
331455059322565655484274959652860994832497865309208641657835650469146973 


177816619829086170543 


Cycle 28 Mag = 3.51 x 107! 


Max Dwell = 1500 


-1.99999999999999979454758656191510 


Table 1. Positions, magnifications, and dwell settings for the midgets in this paper. 


6 Amygdala 3 


Number 23 6 


where m is the exponent in the term Z” + C, we 
find that as n approaches infinity R(n) approaches 
4 at the limit. If one investigates the behavior of 


midgets in the equation Z + C we found that R4 
approaches 8, for an exponent of 6, Rg approaches 


12 and so on. This is an example of a new scaling 
in the Mandelbrot Set. For details, see the paper. 
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A “JOURNEY TO THE WEST” 
REVISITED 


Kerry Mitchell 


I was intrigued by Esseh Namreh’s article (A 
Journey to the West) in Amygdala #5; I too had 


wondered exactly what happened on the spike 


west of the head of the Mandelbrot set. Armed 
with Crystal Rose’s “Analytic Art,” my Amiga 1000, 
and lots of patience, I set forth. 

As Namreh observed, the contours between 
regions of constant dwell have a wavy nature near 
the spike, with the number of waves doubling with 
each unit increase in dwell. The journey in the arti- 
cle continued to -1.999986, with a magnification of 
70,000. At this point, nothing but “endless Yin/ 
Yang loops spinning endlessly inward and east- 
ward” was observed. One of the things that 
attracted my attention to the Mandelbrot set was its 
attention to detail at all scales. It thus seemed 
incongruous to me that, at some point, the midgets 
should suddenly disappear. 


For my work, it was necessary to be able to dis- 
cuss the “size” of a midget, thus, a length scale was 
needed. In M, the distance from the cusp (x = 
0.25) to the break between the head and the body 
(x = -0.75) is 1.0. M was assigned an arbitrary size 
of 1. Using this analogy with the midgets, the dis- 
tance along the real axis from the cusp to the 
head/neck break was found, and this became the 
“size”. The location of each midget was determined 
in terms of this length scale. For the main set, the 
origin of the coordinate system (x = 0) is such that 
the cusp is located 25% of the “size” to the right of 
the origin. In other words, for M, size = 1, and the 
cusp is at x = 25% of 1 = 0.25. For a midget, the 
“origin” was assumed to be 25% of this length left 
of its cusp. 

Another parameter reflected a midget’s effect on 
the rest of the set. My contention is that, whenever 
a contour line bends near the spike (such as the 
dip in line D, near x = -1.75), it is due to the influ- 
ence of a midget (such as the “Biggest Midget” at x 
= -1.75). How close this line gets to the real axis in 
the region of the midget, I termed the “reach” of 
the midget. Looking at the miniMandelbrots associ- 
ated with lines D; - Do, they were found to fol- 
low a definite set of scaling laws. The approximate 
empirical relations are: 


origin = —2+60- Dor ER 
reach = 300-2° 7” 
size = 1000-27 7e” 


The exact numerical values of the parameters 
are not so important as are the trends, given by the 
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exponents. This explains why Namreh didn’t 
observe more midgets. These relations imply that, 


in going from the midget associated with line D,, 


to that associated with line D three things 


n+1 ? 
happened. First, the new midget is 4 times closer 
to the point x = -2 than the previous one. Second, 
the reach of the new midget is 8 times smaller than 
the reach of the previous one. Finally, the size of 
the new midget is 1/16 the size of the previous 
midget. With increasing dwell, the size of each 
midget falls with the square of its distance from x = 
-2, meaning that each successive midget is affected 
less and less by its neighbors. The reach falls with 
the distance to the 1.5 power, which means that 
the closer you get to x = -2, the harder you have to 
look to find any evidence of the midget. The size 
of the midget falls faster than its reach, so that 
once the outer extent is found, several orders of 
magnitude more zoom may be needed to reach the 
actual midget. 


The midget for line D, is located at x = 


—1.99977. With a magnification of 440, Namreh saw 
nothing but the wavy structure. According to my 
estimates, the magnification would have to be on 
the order of 0.5 million to obtain a picture domi- 
nated by the “reach” length scale. To capture the 
actual midget, a zoom of 15 million is required, 
leading to a picture in which the “size” is 10% of 
the width of the window. For the D,, midget at 


~1.999986, the “reach” picture requires a zoom of 
30 million, and 3 billion for the midget itself. 


While I have only looked at a few of the avail- 
able midgets on the spike, I believe that the scaling 
laws are indicative of what happens as x 
approaches -2. It would appear that the wavy 
structure extends to the edge of the set, with the 
dip in each dwell line corresponding to a midget. 
The location, size, and extent of influence of the 
midgets appear to correspond to simple scaling 
laws. The existence of simple scaling laws is con- 
sistent with the spirit of the Mandelbrot set: self- 
similarity at all scales, and incredible complexity as 
a result of very simple nonlinearities. 
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FRACTAL GRAPHICS WORKSHOP 
July 22-26 in Taos, New Mexico 

An intensive five day course centered around 
creating fractal imagery using computers will be 
held at the Glacier Institute in Taos Ski Valley. Situ- 
ated in the beautiful Sangre de Cristo mountains of 
northern New Mexico, this site offers a refreshing 
and cool setting for summer conferences. Accom- 
modations and meals are available at The Glacier 
House. Situated at 9500 feet, the cool and quiet 
surroundings add a relaxing atmosphere to the 
enjoyment of your workshop. 

Emphasis will be on the aesthetic character of 
the images produced by functional iteration. Con- 
centrating on the visual aspects, many slides and 
several videos will be presented. A series of talks 
will be given on daily topics. Problems or topics 
presented by the participants themselves will be 
“grist for the mill”, and will be added to the agenda 
drawn up on the first morning. 

Instruction and tutorials will be given by Rollo 
Silver, editor and publisher of Amygdala, and Pro- 
fessor John Dewey Jones of the School of Engi- 
neering Science, Simon Fraser University. 

For additional information contact: 

Dr. Larry Singer 
The Glacier Institute 
PO Box 1348 

Taos, NM 87571 


505/776-2554 
To register call: 1-800/677-4867 


CIRCULATION 

As of May 17, 1991 Amygdala has 722 subscrib- 
ers, 261 of whom have the supplemental color 
slide subscription. 


RENEWAL 


For 131 of you subscribers out there this is the 
last issue of your current subscription. I urge you 
to use the enclosed form to renew your subscrip- 
tion promptly to avoid missing anything. 


AMYGDALA, Box 219, San Cristobal, NM 87564 
505/586-0197 


See ORDER FORM for subscription information 


em, Number 23 3 


MERZ 


Fractal software, publications, and other 
stuff available from individuals and 
small companies. 


Dada was a movement of artists and writers in the 
early 20th century who exploited accidental and incon- 
gruous effects in their work and who programmatically 
challenged established canons of art, thought and 
morality. 


Dada was originally called Merz — the innermost 
syllable of Commerzial. 


Merz is an issue-by-issue directory of products and 
services provided to our readers by individuals and 
small companies or organizations. We will accept ads 
for software of educational or recreational value, pam- 
phlets, books, videotapes, clubs, organizations, T-shirts, 
fractal images, calendars, etc. 


To place a Bulletin Board item, send camera-ready 
copy to fit into one or more rectangles — or fill out your 
copy by hand and we will typeset it. Be sure to include 
all relevant information, such address and conditions of 
distribution. We will accept 1x1 areas (like top right), 
1x2 areas (like this) 2x2 (like the one below) or 2x5 (full 
page). 

Ads cost 30.00 per issue per basic rectangle. There is 
a 10% discount for 2 or more insertions placed at the 
same time (not necessarily for the same issue). Send to: 


Amygdala Ads è Box 219 ¢ San Cristobal, NM 87564 
Telephone: 505/586-0197 
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Minimum requirements: 


RACIAL Sg RNS Be 


for your IBM-PC 
Design your own fractals interactively. 

Point-&-click menus, on-line tutorial, full color control, PCX compatible. 
120-page Guidebook and over 200 modifiable example files on disk. 


‘79 Includes tech support, 
Pa a free update, & shipping 


in N. America. 
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(802) 888-5275 


E Cedar Software Že 


R1 Box 5140, Morrisville, VT 05661 


YOUR BEST SOURCE FOR 
EVERYTHING FRACTAL 


12 Videotapes, 24 Books, 7 Mac and 9 IBM 
Software programs, Amiga, Calendars, 
T-Shirts. 


Plus dozens of books, software, & video- 
tapes on Chaos, Artificial Life, Computer 
Graphics & Animation, Virtual Reality, Satel- 
lite Imaging, Scientific Visualizations, Cellular 
Automata, Medical Imaging, the Solar Sys- 
tem, and more. 


Write for a FREE copy of our 32 page cata- 
log, Computers in Science & Art. 


Media Magic, P.O. Box 507, Nicasio, CA 94946 


ANDROMEDA RESEARCH, Inc. 


Presents the Ultimate Fractal Software for the 
IBM® PC and Compatibles. 


Fractal FX 20 


- Hand optimized fixed point arithmetic and an efficient edge 


detection algorithm make this one of the fastest fractal 
programs in existence. No expensive math chip is needed. 


- An extensive menu system makes Fractal FX easy to use. 

* TIFF and GIF graphics files can be created for publication. 

- We support most Super-VGA cards, even 1024 x 768 x 256. 
- Fractal FX can magnify to 10” where most programs are 


limited to 10”. 


- 80286 or 80386 Microprocessor -640K RAM Send $39.95 US to: or call toll-free: 

- MS DOS® 3.0 or later - Hard Disk Andromeda Research, Inc. 1-800-755-3021 

- EGA, VGA or Super VGA graphics 6441 Enterprise Lane VISA or Mastercard accepted 
Madison, WI 53719 Free Shipping! 
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ART MATRIX 
“Nothing But Zooms” video, Prints, FORTRAN program 
listings, postcard sets, slides. 

Send for FREE information pack with sample postcard. 
Custom programming and photography by request. 
Make a bid. 

PO Box 880 e Ithaca, NY 14851 e USA 
(607) 277-0959 


THE CELLULAR AUTOMATISTE 
The newsletter about cellular automata, avail- 
able from the publishers of AMYGDALA. 
Issue #1 is now available. 
The price for ten issues (Postage included) is: 
$25.00 (U.S. 
$32.00 (Canada/Mexico) 
$39.00 (Overseas). 
Order from: 


Amygdala ° Box 219 e San Cristobal, NM 87564% 
USA eœ (505) 586-0197 


VISA / MC accepted 


GLIMPSES OF A 
FUGITIVE UNIVERSE 


A set of 12 color slides showing twelve fractal 
images by Rollo Silver, in 1024 x 683 resolution. 
Order from Amygdala: $15.75 (U.S.) 
$15.90 (Canada & Mexico) / $17.15 (Overseas) 


These images are also available as Cibachrome 
prints in 2048 x 1366 resolution — or higher! 


Mention Amygdala, Please! 


If you place an order for a product as a result of 
seeing it advertised here, please let the advertiser 
know! 


